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ABSTRACT 
 Hybrid cattail (Typha x glauca) is an invasive emergent macrophyte that spreads 
quickly and forms monodominant stands in wetlands, and alters their abiotic and biotic 
conditions. I examined the role that cattail litter has on abiotic and biotic conditions. 
Specifically, I studied experimentally the effects of the amount of litter in a mesocosm 
complex and a prairie pothole wetland. At both sites, I established three litter treatments 
(high, control, and low litter amounts) and examined how the amount of litter effects litter 
decomposition, cattail shoot number and height, temperature (at the sediment surface, as well 
as 10cm above and 10cm below), soil redox potential, dissolved oxygen, and percent oxygen 
saturation. I hypothesized that when litter increased at a site, there would be a corresponding 
decrease in soil and water temperature, redox potential, dissolved oxygen, and percent 
oxygen saturation and consequently in the rate of litter decomposition. I also hypothesized 
that the number of cattail shoots and cattail shoot heights would decrease with increasing 
litter. 
There was no significant difference among the litter treatments in litter decomposition 
rates at either location. Temperatures varied across treatments, with a greater mean maximum 
and minimum in the low treatment at all three depths (+10cm, 0cm, -10cm) at the mesocosm 
complex, but not at Anderson Lake. Redox potential, dissolved oxygen, and percent oxygen 
saturation in the low treatments at the mesocosm complex were significantly higher than in 
either the high or control treatments, but again not at Anderson Lake. The number of cattail 
shoots was significantly higher in the low treatments than in the high and control treatments 
in the mesocosm complex and between the low and high treatments at Anderson Lake.  
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CHAPTER 1 
GENERAL INTRODUCTION 
The ability of hybrid cattails (Typha x glauca) to form a monoculture is due to its 
ability to grow at a fast rate, which allows it to outcompete other emergent species. It also 
experiences little herbivory (the exception being eat-outs by muskrat (Ondatra 
zibethicus)) (Christensen et al. 2009; Freyman 2008; Penko and Pratt 1987). The 
persistence of hybrid cattail litter also contributes to making it and effective wetland 
invader. Hybrid cattail produces a large amount of litter and it takes a long time to 
decompose (Farrer and Goldberg 2009).  
Even though prairie pothole wetlands have been well studied (see Murkin 1989, 
Murkin et al. 2000, Galatowitcsh 2012), one aspect of their ecology hasn’t been 
extensively studied, the role of litter. The amount of litter can potentially have numerous 
biotic and abiotic effects on wetlands, including water temperature, oxygen level, primary 
production, secondary production, and plant and animal biodiversity.  Today the 
dominant emergent in most prairie potholes is hybrid cattail (Typha x glauca), in part 
because its litter can take several years to breakdown (Davis and van der Valk 1978, van 
der Valk et al. 1991, Atkinson and Cairns 2001, Farrer and Goldberg 2009, Vaccaro et al. 
2009, and Gingerich and Anderson 2011). 
Farrer and Goldberg (2009) studied how litter drives plant community changes in 
three Great Lakes coastal marshes in Michigan. They found that hybrid cattail was 
associated with locally high soil nutrients, low light penetration, and high litter amounts 
and that diversity of native species was highest in areas of low litter. They then 
manipulated plots in these wetlands to see how litter and live cattail plants influenced 
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these wetlands. After one year, they found that cattail litter decreased light penetration, 
lowered the abundance and diversity of native species, and increased soil NH4
+
 and the N 
mineralization rates twofold, while the live cattail plant density had no effect on the 
abiotic conditions or diversity of native plant species. They concluded that cattail litter, 
not the plants themselves, were causing the formation of monotypic stands. Their results 
indicated that hybrid cattail isn’t eliminating native species through resource competition, 
but rather non-trophic impacts due to litter accumulation. Additionally, hybrid cattail 
appears to promote its own growth over that of native species (Farrer and Goldberg 
2009).  
I studied experimentally how the amount of cattail litter present affects various 
abiotic and biotic conditions (decomposition rates, water and soil temperatures, redox 
potential, dissolved oxygen, percent oxygen saturation, cattail shoot number, and cattail 
shoot height). I established three litter treatments: low (litter removed), high (litter added 
that was removed from the low treatment), and control at two sites, a mesocosm complex 
and a prairie pothole wetland. I hypothesized that when litter increased at a site, there 
would be a corresponding decrease in soil and water temperature, redox potential, 
dissolved oxygen, and percent oxygen saturation and consequently in the rate of litter 
decomposition. I also hypothesized that the number of cattail shoots and cattail shoot 
heights would decrease. 
Very few studies have been done on the abiotic and biotic impacts of varying 
amounts of litter, specifically cattail litter. When wetland plant litter has increased, there 
has been a corresponding decrease in dissolved oxygen concentrations (Rose and 
Crumpton 1996) and redox potentials (van der Putten 1997; Seybold et al. 2002). The 
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accumulation of litter has also been shown to decrease soil and water temperatures 
(Haslam 1971; Weltzin et al. 2005). The biotic impacts of litter have been studied fairly 
well, with results indicating that removal of litter can encourage the growth of a species 
(Haslam 1971; Davis and van der Valk 1978; van der Valk 1986) and increase plant 
diversity (Meyerson et al. 2000; Weltzin et al. 2005). The addition of litter can also 
directly or indirectly reduce primary production (Haslam 1971; van der Putten et al. 
1997).  
The interactions that occur among these abiotic and biotic conditions can form 
cyclic patterns in hybrid cattail litter amount at any time (Figure 1). Over the course of 
multiple years, cattail litter accumulates. As litter accumulates overtime, it reduces 
sunlight penetration and soil and water temperature, which in turn reduces primary 
production. Accumulation of litter over multiple years may also alter dissolved oxygen 
and redox potential, both of which affect the rate of decomposition, which in turn affects 
the total amount of litter present. As litter accumulation continues to increase, primary 
production will decrease. This decrease in primary production causes a decrease in litter 
accumulation. Primary production remains reduced until litter decomposition has reduced 
the amount of litter present. This cyclic process causes long term oscillations in primary 
production and litter accumulation. 
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Figure 1. Flow diagram of cyclical relationship between abiotic conditions and biotic 
response by hybrid cattail and its litter. 
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CHAPTER 2   
LITTER TREATMENT EFFECTS ON ABIOTIC FACTORS AT A MESOCOSM 
COMPLEX AND A PRARIE POTHOLE WETLAND 
 
Introduction 
Hybrid cattail is the product of hybridization between the native Typha latifolia and 
non-native Typha angustifolia (Galatowitsch et al. 1999). It is an emergent macrophyte that 
can grow two to three meter tall leaves (Mitsch and Gosselink 2000). Hybrid cattail can grow 
in mesic soil as well as in water that is up to one meter deep (Boers et al. 2007). Hybrid 
cattails reproduce both sexually and asexually through the production of numerous seeds and 
rhizomes that can extend up to 0.7 m laterally from the main culm (Boers et al. 2007). When 
hybrid cattail establishes, it can quickly out-compete existing emergent vegetation. Hybrid 
cattail can also quickly invade restored wetlands, and this makes it extremely difficult for 
native species to become established.  
After it becomes established, hybrid cattail, can alter the physical environment and 
vegetative structure of a wetland by altering the amount of litter present, which can alter litter 
decomposition rates, soil and water temperatures, redox potential, carbon sequestration, 
dissolved oxygen, and percent oxygen saturation, and water movement (Rose and Crumpton 
1996; Meyerson et al. 2000; Ehrenfeld 2003; Farrer and Goldberg 2009; Mitchell et al. 
2011).  
Farrer and Goldberg (2014) found that the presence of hybrid cattail litter, but not live 
plants, decreased the density and richness of native plants when litter was added. When litter 
was removed, there was a corresponding large increase in culm density, but it didn’t rival the 
density of a wetland containing only native plant species. Their results also indicated that 
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litter, not live hybrid cattail plants, had stronger effects on species composition in both their 
addition and removal experiments (Farrer and Goldberg 2014). They concluded that if a thick 
enough layer of litter forms on the sediment surface, it will act as a barrier that native plants 
may not be able to penetrate, and will also decrease soil temperatures, causing delayed 
germination from the seedbank (see also Seabloom et al. 1998). 
A better understanding of how litter dynamics affects biotic and abiotic conditions 
has significant implications for increasing our understanding of methane and CO2 production 
and carbon sequestration over time, which are highly temperature and redox dependent (de 
Klein and van der Werf, 2014). The amount of litter present in a wetland can also affect how 
waterfowl populations use wetlands. If less litter is present, there should be an increase in 
algal production and free floating aquatic plants (Lemna spp.). This will increase production 
of aquatic invertebrates, and thus food for certain waterfowl species, such as dabbling ducks 
(Zedler and Kercher 2005).  
Because the amount of litter present in a wetland has such a profound effect on both 
the structure and function of the wetland, I examined how the amount of litter affects selected 
abiotic (soil and water temperature, redox potential, dissolved oxygen, and percent oxygen 
saturation) and biotic (litter decomposition) factors.  I hypothesized that when litter increases 
at a site, there will be a corresponding decrease in soil and water temperature, redox 
potential, dissolved oxygen, and percent oxygen saturation and consequently the rates of 
litter decomposition. I used an experimental approach that made use of a mesocosm complex, 
in which water levels are controlled, and a prairie pothole wetland. In both studies there were 
three litter treatments: control, low, and high. Litter levels were manipulated by the removal 
of litter (low treatment) and addition of litter (high treatment).  
9 
 
Methods 
Mesocosms  
The mesocosms were located on an Iowa State University farm, the Hinds Farm, near 
Ames, Iowa, USA.  At this farm there is a mesocosm complex that was established in 1989 
for a study on nitrate removal by wetlands. The mesocosm complex is now comprised of 12 
mesocosms arranged in four blocks of three mesocosms (Figure 2 and Figure 3). These 
mesocosms are 3.35 meters in diameter, 0.91 meters deep, ultraviolet-stabilized polyethylene 
containment units that are buried part way in the ground to minimize temperature 
fluctuations. At establishment, they were filled with wetland soil from a nearby restored 
prairie pothole and planted with hybrid cattail (Crumpton and van der Valk 1993). 
Experiments ceased on these mesocosms in the late 1990s-early 2000s. Beginning in 2013, 
litter treatments were applied to 12 mesocosms. At this site, there are three litter treatments 
(control, low (standing litter removed), and high (standing litter added)) with four replicates 
of each treatment. Mesocosms in which litter was not manipulated were used as the controls. 
The low treatment involved the removal of all standing litter in early spring. The litter that 
was removed was placed onto the corresponding high treatment (i.e., the litter removed from 
the low treatment was placed in the high treatment in a block). Water levels in the 
mesocosms were kept constant by supplying them with groundwater, as needed, by using a 
network of pipes that are gravity fed from a storage tank. 
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Figure 2. Aerial image of Mesocosm Complex (Google Earth (b)). 
 
 
Figure 3. Mesocosm Complex. 
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Field Site  
Anderson (Goose) Lake marsh is located one mile northeast of Jewell, Iowa, USA 
(Figure 4 and 5). This marsh is an enhanced prairie pothole. It has a maximum depth of 1.5 m 
and has a surface area of approximately 65 ha. It is a semi-permanent wetland that has its 
water level regulated by a dam on the southwestern end (Rose and Crumpton 1996). 
Emergent vegetation consisting primarily of cattails is present around the perimeter of the 
wetland. The width of these perimeter cattail bands can reach >30 m. At this site, twelve 2m 
x 3m plots were set up in blocks of three plots.  As in the mesocosm complex, in each 
replicate block, the standing litter from one plot was removed (low treatment) and put on 
another plot (high treatment), with the third plot in each block being used as a control 
without any litter manipulation. The litter at both sites was moved in early April 2015.  
Litter Decomposition  
Litter decomposition was measured using a standard litter bag technique. Cattail litter 
was collected at Anderson Lake in spring of 2015. The litter was brought back to Iowa State 
University in Ames, Iowa and spread out on tables inside a temperature controlled room and 
allowed to air dry for 10 days. Approximately 700 litter bags were constructed in the spring 
of 2015. Each litter bag was made from a piece of 1 mm fiberglass screen and was 20 cm by 
46 cm in size. Cattail litter was cut into three sections: top, middle, and bottom. The tops 
were the top 1/3 of each cattail shoot, the middles were the middle 1/3 of each cattail shoot, 
and the bottoms were the bottom 1/3 of each cattail shoot. For each “Top” litter bag, two 
cattail “tops” were placed in a bag, for each “Middle” litter bag, there were two cattail  
“middles”, and for each “Bottom” litter bag, there were two cattail “bottoms”. The cattail 
pieces that were placed into each separate litter bag were weighed before the bag was heat  
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Figure 4. Aerial image of Anderson Lake (Google Earth (a)). Study plot location indicated by 
white oval. 
 
 
 
 
 
 
 
 
Figure 5. Anderson Lake, looking southwest from the northeast. 
N 
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sealed to determine an initial mass for each litter bag. Each litter bag contained a unique 
identification number and the litter bag was folded in half and heat sealed on three sides. The 
amount of litter that was placed in each bag varied, but each bag did contain two top pieces, 
two middle pieces, or two bottom pieces. 
A total 468 litter bags were placed at Anderson Lake and a total of 216 litter bags 
were placed at the mesocosm complex. Due to the small size of the mesocosms, not as many 
bags could be placed in each mesocosm. At Anderson Lake, each plot received 39 litter bags 
(13 top, 13 middle, and 13 bottom). At the mesocosm complex each treatment replicate 
received 18 litter bags (six top, six middle, and six bottom). At each site, there was an initial 
collection of three litter bags of each cattail type (top, middle, and bottom) from each 
replicate seven days after the litter bags had been installed. This collection provided a 
baseline for comparison with later collections. For Anderson Lake, there were collections 
after 79 days, 180 days, and 316 days. For the mesocosm complex, the second collection 
occurred in November 2015, 180 days since litter bags were installed. Once the litter bags 
were collected, they were brought back to Iowa State University for processing. The litter 
bags were rinsed with deionized water to remove any non-litter material (invertebrates, soil, 
etc.). Once rinsed, the litter from each litter bag was placed in a separate brown paper bag 
that was then placed in a 65
o
C oven for ~100 hours to remove moisture. After drying, the 
litter samples were weighed on an electronic balance. 
Environmental Measurements  
Once the litter bags were in place, thermocouples were installed in all 12 of the 
Anderson Lake plots at 10 cm above the sediment surface, at the sediment surface, and 10 cm 
below the sediment surface. Temperature was measured once per minute and hourly averages 
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were recorded on three Campbell CR1000 data loggers. In the 12 mesocosms, thermocouples 
and three Campbell 21X data loggers were installed to monitor soil and water temperature at 
the same depths as at Anderson Lake. In addition to recording temperature, the redox 
potential (mV) was measured at 10 cm in the soil in each plot roughly every other week 
using a Milwaukee MW500 ORP/Redox meter. Dissolved oxygen (mg/L) was also measured 
at each plot roughly every other week using a Hach HQ30d portable meter with the probe 
placed in the water just above the sediment surface.  
Statistical Analysis 
All data was entered into a Microsoft Excel Spreadsheet. The data analyses for rate of 
decomposition, soil and water temperature, redox potential, dissolved oxygen, and percent 
oxygen saturation were performed using SAS, Version 9.4 of the SAS System for Windows 
and Microsoft Excel. Sites were analyzed separately because they were spatially separated 
and had different regulatory systems. Rate of decomposition, soil and water temperature, 
redox potential, dissolved oxygen, and percent oxygen saturation were compared among 
litter treatments. 
Accumulated growing degree days (GDD) were calculated for each plot and averaged 
for each treatment. The mean temperature for each hour was compared to a base temperature 
of 5
o
C; degrees above the base temperature were multiplied by 1/24 day and then summed 
over the 24 hours of each day to calculate GDD for that day, and the cumulative sum over 
days was then calculated. For each treatment, cumulative GDD was calculated for May 
through October 2015. Microbial communities are affected by water and sediment 
temperatures, with 5
o
C being the cutoff for active versus non active communities (Megonigal 
et al. 1996). Microbial communities that are found more in the sediment, and may take longer 
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to become active in the spring compared to colonies found in the water column, but they will 
also likely stay active longer into the fall as the water temperature cools more quickly than 
the sediment.  
Initial litter decomposition loss was calculated by taking the mass of a given bag that 
had been in place for seven days and dividing it by the initial mass of the same bag. This 
initial loss fraction was used to estimate the true seven day mass of the bags remaining in the 
field. The estimated seven day mass was then compared to the mass of later collections to 
estimate the rate of decomposition. After calculating this baseline, litter losses were averaged 
by litter part (top, middle, and bottom). This process was also done for the second collection 
at Anderson Lake as there was a collection on July 23
rd
, 2015 in addition to the initial and 
November collections. There was only an initial and a November collection at the mesocosm 
complex.  
The average mass loss of each cattail part in a treatment and the average loss in each 
treatment by combining cattail parts were calculated. K-values were calculated for each litter 
bag as well by using the formula: I=Ioe
-kx
, where Io is the initial mass, I is the mass after a 
given collection, and x is time. After k-values were calculated for each litter bag, they were 
summarized by averaging each cattail part by treatment, by averaging each treatment by 
cattail part, and by averaging each treatment by combining cattail parts. 
Redox potential, dissolved oxygen, and percent oxygen saturation were all analyzed 
using a Kruskal-Wallis test in Microsoft Excel to compare the three litter treatments. A p-
value of less than or equal to 0.05 was considered significant.  
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Results 
Litter Decomposition 
At the mesocosm complex from May to November there was a significant difference 
in mean percent mass remaining between the tops and middles (2.8% difference) (p=2.6E-2), 
between the tops and bottoms (8.3% difference) (p=1.1E-4), and between the middles and 
bottoms (11.1% difference) (p=1.1E-5). There were no significant differences in litter 
decomposition rates between the cattail treatments (high, low, and control) (n=108) (Table 
1). There was also a significant difference in k-values between the tops (0.00156) and 
middles (0.00139) (p=2.6E-2), between the tops and bottoms (0.00248) (p=4.0E-4), and 
between the middles and bottoms (p=6.0E-5). There were no significant differences between 
the cattail treatments (high, low, and control) (n=108) (Table 1).  
At Anderson Lake from May to July there was a significant difference in mean 
percent mass remaining between the tops and middles (5.9% difference) (p=7.9E-3), between 
the tops and bottoms (20.2% difference) (p=3.5E-6), and between the middles and bottoms 
(26.1% difference) (p=3.4E-7). There were no significant differences between the cattail 
treatments (high, low, and control) (n=108) (Table 2). There was also a significant difference 
in k-values between the tops (0.00221) and middles (0.00140) (p=7.9E-3), between the tops 
and bottoms (0.00627) (p=3.5E-6), and between the middles and bottoms (p=3.4E-7). There 
were no significant differences between the cattail treatments (high, low, and control) 
(n=108) (Table 2). 
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Table 1. Mean percent of initial litter mass remaining and k-values after 180 days at the 
Mesocosm complex summarized by treatment, by plant part, by treatments 
combined, and by cattail parts combined. n=108.* 
    
 High Low Control Mean St. Dev. 
    
Percent Mass Remaining 
Top  70.9 79.2 78.9 76.7
a
 7.3 
Middle 82.6 82.3 78.0 79.5
b
 10.1 
Bottom 66.0 63.0 75.2 68.4
c
 20.5 
Mean 73.4 74.8 77.4 - - 
St. Dev. 13.3 16.0 16.0 - - 
K-values  
Top  0.00201 0.00138 0.00137 0.00156
a
 0.00057 
Middle 0.00113 0.00118 0.00148 0.00139
b
 0.00073 
Bottom 0.00255 0.00289 0.00210 0.00248
c
 0.00184 
Mean 0.00188 0.00182 0.00166  - - 
St. Dev. 0.00104 0.00133 0.00150 - - 
  
*Values in the mean column followed by the same letter are not significantly 
different (p>0.05).  There were no significant differences among High, Low, 
and Control within plant parts or among Top, Middle, and Bottom within litter 
treatments, for both percent mass remaining and K-values. 
 
At Anderson Lake from May to November there was a significant difference in mean 
percent mass remaining between the tops and bottoms (28.1% difference) (p=1.7E-10), and 
between the middles and bottoms (30.4% difference) (p=1.3E-9). There were no significant 
differences between the tops and middles (2.3% difference) or between the cattail treatments 
(high, low, and control) (n=108) (Table 3). There was a significant difference in k-values 
between the tops (0.00340) and bottoms (0.00960) (p=1.7E-10), and between the middles 
(0.00325) and bottoms (p=1.3E-9). There were no significant differences between the tops 
and middles or between the cattail treatments (high, low, and control) (n=108) (Table 3). 
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Table 2. July collection mean percent of initial litter mass remaining and k-values after 79 
days at Anderson Lake summarized by treatment, by plant part, by treatments 
combined, and by cattail parts combined. n=108.* 
    
 High Low Control Mean St. Dev. 
    
Percent Mass Remaining 
Top  83.8 82.9 85.8 84.2
a
 6.0 
Middle 89.3 94.4 86.5 90.1
b
 10.1 
Bottom 62.9 60.0 69.2 64.0
c
 20.4 
Mean 78.7 79.1 80.5 - - 
St. Dev. 19.3 17.4 16.1 - - 
K-values  
Top  0.00229 0.00239 0.00195 0.00221
a
 0.00091 
Middle 0.00153 0.00079 0.00189 0.00140
b
 0.00144 
Bottom 0.00669 0.00677 0.00534 0.00627
c
 0.00405 
Mean 0.00351 0.00331 0.00306  - - 
St. Dev. 0.00373 0.00314 0.00305 - - 
  
*Values in the mean column followed by the same letter are not significantly 
different (p>0.05).  There were no significant differences among High, Low, 
and Control within plant parts or among Top, Middle, and Bottom within litter 
treatments, for both percent mass remaining and K-values. 
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Table 3. November collection mean percent of initial litter mass remaining and k-values after 
180 days at Anderson Lake summarized by treatment, by plant part, by treatments 
combined, and by cattail parts combined. n=108.* 
    
 High Low Control Mean St. Dev. 
    
Percent Mass Remaining 
Top  75.1 76.0 79.2 76.8
a
 7.2 
Middle 82.0 82.3 72.8 79.1
a
 17.2 
Bottom 45.9 52.5 47.7 48.7
b
 14.0 
Mean 67.7 70.3 66.6 - - 
St. Dev. 19.0 20.2 18.9 - - 
K-values  
Top  0.00365 0.00354 0.00300 0.00340
a
 0.00118 
Middle 0.00266 0.00282 0.00426 0.00325
a
 0.00263 
Bottom 0.01016 0.00863 0.01002 0.00960
b
 0.00354 
Mean 0.00549 0.00500 0.00576  - - 
St. Dev. 0.00391 0.00382 0.00420 - - 
  
*Values in the mean column followed by the same letter are not significantly 
different (p>0.05).  There were no significant differences among High, Low, 
and Control within plant parts or among Top, Middle, and Bottom within litter 
treatments, for both percent mass remaining and K-values. 
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Environmental Measurements 
At Anderson Lake, there were no significant differences between any treatments on a 
given date or depth for cumulated growing degree days (Table 4). 
 
Table 4. Cumulative Growing Degree Days per month at each treatment at depth indicated 
for Anderson Lake. Depth in reference to sediment surface. 
 
  Treatment 
Date (2015) Depth (cm) High Control Low 
May +10 218 226 226 
June +10 673 695 692 
July +10 1182 1220 1211 
August +10 1635 1680 1669 
September +10 2027 2076 2064 
October +10 2207 2248 2240 
  
   May 0 209 195 196 
June 0 652 616 613 
July 0 1146 1093 1087 
August 0 1597 1537 1529 
September 0 1990 1922 1914 
October 0 2181 2122 2116 
  
   May -10 190 177 177 
June -10 602 559 558 
July -10 1067 1003 1000 
August -10 1506 1432 1429 
September -10 1888 1808 1805 
October -10 2094 2032 2033 
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At the Mesocosm Complex, there were no significant differences between any 
treatments on a given date or depth for cumulated growing degree days (Table 5). 
 
Table 5. Cumulated Growing Degree Days per month at each treatment at probe depth 
indicated for the Mesocosm Complex. Depth in reference to sediment surface. 
 
  Treatment 
Date (2015) Depth (cm) High Control Low 
May +10 170 175 209 
June +10 595 593 670 
July +10 1091 1079 1198 
August +10 1549 1528 1638 
September +10 1936 1912 1986 
October +10 2142 2123 2198 
  
   May 0 157 163 192 
June 0 559 563 627 
July 0 1047 1046 1142 
August 0 1516 1512 1637 
September 0 1912 1908 2018 
October 0 2159 2162 2190 
  
   May -10 148 153 179 
June -10 528 536 591 
July -10 1001 1008 1090 
August -10 1476 1481 1588 
September -10 1876 1872 2007 
October -10 2155 2153 2297 
 
Figures 6-8 show the mean temperature at each of the three treatments at each depth 
at Anderson Lake. Figures 9-11 gives the mean temperature at each depth for each treatment 
at Anderson Lake. Figures 12-14 show the mean temperature at each of the three treatments 
at each probe depth at the Mesocosm Complex. Figures 15-17 indicate the mean temperature 
at each probe depth for each treatment at the Mesocosm Complex.  
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Figure 6. Scatterplot of mean temperature (Celsius) from high treatments at 10cm above the sediment surface (+10), at the sediment 
surface (0), and 10cm below the sediment surface (-10) at Anderson Lake. 
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Figure 7. Scatterplot of mean temperature (Celsius) from control treatments at 10cm above the sediment surface (+10), at the sediment 
surface (0), and 10cm below the sediment surface (-10) at Anderson Lake. 
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Figure 8. Scatterplot of mean temperature (Celsius) from low treatments at 10cm above the sediment surface (+10), at the sediment 
surface (0), and 10cm below the sediment surface (-10) at Anderson Lake. 
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Figure 9. Scatterplot of mean temperature (Celsius) from +10 cm probes at each treatment: high, low, and control. +10 cm means 10 
cm above the sediment surface. Data from Anderson Lake. 
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Figure 10. Scatterplot of mean temperature (Celsius) from 0 cm probes at each treatment: high, low, and control. +10 cm means 10 cm 
above the sediment surface. Data from Anderson Lake. 
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Figure 11. Scatterplot of mean temperature (Celsius) from -10 cm probes at each treatment: high, low, and control. +10 cm means 10 
cm above the sediment surface. Data from Anderson Lake. 
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Figure 12. Scatterplot of mean temperature (Celsius) from high treatments at 10cm above the sediment surface (+10), at the sediment 
surface (0), and 10cm below the sediment surface (-10) at the Mesocosm Complex. 
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Figure 13. Scatterplot of mean temperature (Celsius) from control treatments at 10cm above the sediment surface (+10), at the 
sediment surface (0), and 10cm below the sediment surface (-10) at the Mesocosm Complex. 
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Figure 14. Scatterplot of mean temperature (Celsius) from low treatments at 10cm above the sediment surface (+10), at the sediment 
surface (0), and 10cm below the sediment surface (-10) at the Mesocosm Complex. 
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Figure 15. Scatterplot of mean temperature (Celsius) from +10 cm probes at each treatment: high, low, and control. +10 cm means 10 
cm above the sediment surface. Data from the Mesocosm Complex. 
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Figure 16. Scatterplot of mean temperature (Celsius) from 0 cm probes at each treatment: high, low, and control. +10 cm means 10 cm 
above the sediment surface. Data from the Mesocosm Complex. 
 
 
3
2
 
33 
 
Figure 17. Scatterplot of mean temperature (Celsius) from -10 cm probes at each treatment: high, low, and control. +10 cm means 10 
cm above the sediment surface. Data from the Mesocosm Complex. 
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Tables 6 and 7 show the mean, median, average minimum, average maximum, and 
largest range of temperatures for the first part (May-June) and second part (July-October) of 
the growing season for the Mesocosm Complex and Anderson Lake, respectively. 
The mean, median, minimum, maximum, range, and standard deviation of redox 
potential are given in Table 8 for the Mesocosm Complex. A Kruskal-Wallis test indicated a 
significant difference between the mean high and mean low (difference of 99 mV) (p=2.0E-
8) and between the mean control and mean low (difference of 99 mV) (p=1.2E-7) treatments 
(Table 8). There was no significant difference between the mean high and mean control 
treatments for this timeframe.   
The mean, median, minimum, maximum, range, and standard deviation of redox 
potential at Anderson Lake are given in Table 9 along with the date comparisons. There were 
no significant differences between the high, control, or low treatments on any given date or 
when averaged over the entire growing season. There was only one day that the values for 
redox potential were negative, in all treatments. There was no identifiable pattern within or 
between any of the treatments.  
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Table 6. Mean, median, average minimum, average maximum, and largest range of temperatures for the first part (May-June) and 
second part (July-October) of the growing season for the Mesocosm Complex. 
 
 High Control Low High Control Low High Control Low 
May-June +10 cm +10 cm +10 cm 0 cm 0 cm 0 cm -10 cm -10 cm -10 cm 
Mean 17.14 17.10 18.67 16.41 16.48 17.78 15.76 15.92 17.05 
Median 18.37 18.29 19.57 17.25 17.24 18.48 16.14 16.30 17.51 
Avg. Min 16.46 16.47 17.48 16.05 16.13 17.35 15.53 15.69 16.78 
Avg. Max 17.89 17.86 20.08 16.66 16.71 18.17 15.86 16.02 17.18 
Avg. Range    1.43    1.39   2.60   0.60   0.57   0.82   0.32   0.33   0.40 
Largest Range 
(Date) 
   5.66 
(5/18) 
   5.26 
(5/18) 
  6.75 
(5/18) 
  1.98 
(5/18) 
  1.62 
(5/18) 
  2.46 
(5/18) 
  1.13 
(5/19) 
  1.03 
(5/19) 
  1.28 
(5/19) 
July-October          
Mean 17.80 17.65 18.52 18.11 18.23 18.84 18.40 18.46 19.13 
Median 18.58 18.37 19.30 18.79 18.81 19.58 18.88 18.97 19.68 
Avg. Min 17.16 16.99 17.46 17.80 17.95 18.42 18.22 18.28 18.91 
Avg. Max 18.63 18.56 19.75 18.57 18.59 19.41 18.63 18.65 19.40 
Avg. Range     1.47   1.57   2.30   0.77   0.64   0.98   0.41   0.37   0.49 
Largest Range  
(Date) 
   3.14 
(9/11) 
  3.45 
(9/11) 
  4.18 
(8/24) 
  2.08 
(8/19) 
  1.89 
(9/30) 
  3.55 
(8/24) 
  1.20 
(8/19) 
  1.09 
(9/30) 
  3.74 
(9/14) 
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Table 7. Mean, median, average minimum, average maximum, and largest range of temperatures for the first part (May-June) and 
second part (July-October) of the growing season for Anderson Lake. 
 
 High Control Low High Control Low High Control Low 
May-June +10 cm +10 cm +10 cm 0 cm 0 cm 0 cm -10 cm -10 cm -10 cm 
Mean 19.17 19.18 18.61 17.62 17.60 18.12 16.55 16.42 17.04 
Median 19.65 19.68 19.29 18.68 18.64 18.98 17.62 17.43 17.95 
Avg. Min 16.71 16.73 16.92 16.76 16.79 16.82 16.18 16.08 16.24 
Avg. Max 22.11 22.00 20.50 18.82 18.70 19.37 16.88 16.73 17.86 
Avg. Range   5.40   5.27   3.58   2.06   1.91   2.55   0.70   0.65   1.62 
Largest Range 
(Date) 
13.19 
(5/21) 
13.23 
(5/13) 
  9.77 
(5/13) 
  6.57 
(5/18) 
  6.21 
(5/18) 
  7.62 
(5/13) 
  2.87 
(5/18) 
  2.59 
(5/18) 
  4.54 
(5/13) 
July-October          
Mean 17.63 17.58 17.48 17.22 17.25 17.42 17.02 16.96 17.11 
Median 18.24 18.19 18.18 18.06 18.07 18.20 17.74 17.62 17.89 
Avg. Min 16.50 16.50 16.75 16.78 16.86 16.91 16.79 16.75 16.77 
Avg. Max 19.01 18.90 18.34 17.87 17.81 18.03 17.29 17.20 17.56 
Avg. Range   2.52   2.40   1.59   1.09   0.96   1.13   0.50   0.45   0.79 
Largest Range  
(Date) 
  7.79  
(7/3) 
  7.62  
(7/3) 
  4.89 
(7/23) 
  3.33 
(7/21) 
  2.74 
(7/3) 
  3.47 
(7/23) 
  1.48 
(7/21) 
  1.27 
(7/21) 
  2.22 
(7/12) 
3
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Table 8. Mean redox potential (mV) per visit date at the mesocosm complex, with summary 
statistics for entire season.* 
    
   Date High Control Low  
    
 6/1  -1
a
 11
ab
 107
b
  
 6/8 -22
ab
 95
a
 68
b
  
 6/27 -110
a
 -82
a
 60
b
  
 7/7 -36
a
 -47
ab
 70
b
  
 7/22 -73 -65 23  
 8/6  -93
a
 -43
ab
 8
b
  
 8/19 -60
a
 -80
a
 34
b
  
 9/5 -117 -105 -31  
 9/20 -100
a
 -104
ab
 -59
b
  
  High Control Low 
 Mean -68
a
 -68
a
 31
b
   
 Median -76 -83 20  
 Min -185 -165 -70  
 Max 56 96 193  
 Range 241 261 263  
 St. Dev. 50 58 73  
  
*Values in the same row followed by the same letter were not significantly different 
(p>0.05). No letters are shown where there were no significant differences. 
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Table 9. Mean redox potential (mV) per visit date at Anderson Lake, with summary statistics 
for the entire season. 
    
   Date High Control Low  
    
 6/2 170 168 161  
 6/17 171 173 174  
 7/1 118 110 128  
 7/19 27 44 33  
 8/12 71 69 52  
 8/29 132 138 120  
 9/13 -3 -8 -6  
 10/4 54 62 39  
 11/1 24 12 16  
  High Control Low 
 Mean 85 85 80   
 Median 79 81 59  
 Min -34 -30 -27  
 Max 199 201 204  
 Range 233 231 231  
 St. Dev. 71 70 68  
  
 
The mean, median, minimum, maximum, range, and standard deviation of dissolved 
oxygen at the Mesocosm complex can be viewed in Table 10 along with the date 
comparisons. A Kruskal-Wallis test performed on the values over the entire growing season 
indicated a significant difference between the high and low (difference of 3.22 mg/L) 
(p=5.1E-6) and between the control and low (difference of 2.98 mg/L)  (p=3.0E-5) 
treatments. There was no significant difference between the high and control treatments for 
this timeframe.  
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Table 10. Mean dissolved oxygen (mg/L) per visit date at the mesocosm complex, with 
summary statistics.*   
    
   Date High Control Low  
    
 6/27 0.46
a
 0.55
a
 6.32
b
  
 7/7 1.06
a
 2.36
a
 10.16
b
  
 7/22 0.93 1.02 1.71  
 8/6  0.76 0.52 1.37  
 8/19 0.58 0.88 1.57  
 9/5 0.46
a
 0.42
a
 2.28
b
  
 9/20 0.49 0.67 3.89  
  High Control Low 
 Mean 0.68
a
 0.92
a
 3.90
b
   
 Median 0.80 0.75 1.52  
 Min 0.22 0.24 0.28  
 Max 6.12 5.51 13.97  
 Range 5.90 5.27 13.69  
 St. Dev. 1.03 1.07 2.91  
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
The mean, median, minimum, maximum, range, and standard deviation of dissolved 
oxygen at Anderson Lake can be viewed in Table 11 along with the date comparisons. There 
were no significant differences between the high, control, or low treatments on any given 
date or when averaged over the entire growing season.  
 
 
 
40 
 
Table 11. Mean dissolved oxygen (mg/L) per visit date at Anderson Lake, with summary 
statistics. 
    
   Date High Control Low  
    
 7/1 3.46 2.24 5.05  
 7/19 1.04 0.71 0.98  
 8/12 0.48 0.50 0.68  
 8/29 1.15 1.54 1.04  
 9/13 0.82 0.94 0.92  
 10/4 1.88 2.10 1.81  
 11/1 1.62 1.75 1.24  
  High Control Low 
 Mean 1.49 1.40 1.68   
 Median 1.20 1.03 1.24  
 Min 0.34 0.38 0.28  
 Max 6.12 5.51 7.44  
 Range 5.78 5.13 7.16  
 St. Dev. 1.28 1.14 1.70  
  
 
 
The mean, median, minimum, maximum, range, and standard deviation of percent 
oxygen saturation at the Mesocosm Complex can be viewed in Table 12 along with the date 
comparisons. A Kruskal-Wallis test performed on the values over the entire growing season 
indicated a significant difference between the high and low (difference of 37.5%) (p=5.0E-6) 
and between the control and low (difference of 34.9%) (p=2.6E-5) treatments. There was no 
significant difference between the high and control treatments for this timeframe.  
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Table 12. Mean percent oxygen saturation per visit date at the mesocosm complex, with 
summary statistics.* 
    
   Date High Control Low  
    
 6/27 5.4 6.5
a
 78.4
b
  
 7/7 12.1
a
 26.6
a
 119.2
b
  
 7/22 10.5 11.4 19.0  
 8/6  8.6 5.9 15.5  
 8/19 6.2 9.4 16.8  
 9/5 5.6
a
 5.1
a
 27.8
b
  
 9/20 4.8 6.7 39.1  
  High Control Low 
 Mean 7.6
a
 10.2
a
 45.1
 b
   
 Median 8.4 7.7 16.1  
 Min 2.7 2.7 2.6  
 Max 74.7 67.7 168.1  
 Range 72.0 65.0 165.5  
 St. Dev. 12.3 11.9 35.1  
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
The mean, median, minimum, maximum, range, and standard deviation of percent 
oxygen saturation at Anderson Lake can be viewed in Table 13 along with the date 
comparisons. There were no significant differences between the high, control, or low 
treatments on any given date or when averaged over the entire growing season.  
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Table 13. Mean percent oxygen saturation per visit date at Anderson Lake, with summary 
statistics. 
    
   Date High Control Low  
    
 7/1 42.7 27.5 62.3  
 7/19 12.2 8.3 11.6  
 8/12 5.4 5.6 7.6  
 8/29 12.3 16.5 11.1  
 9/13 8.2 9.4 9.2  
 10/4 16.8 18.7 16.2  
 11/1 14.9 15.9 11.3  
  High Control Low 
 Mean 16.1 14.6 18.5   
 Median 12.2 11.4 11.3  
 Min 4.0 4.5 2.6  
 Max 74.7 67.7 91.9  
 Range 70.7 63.2 89.3  
 St. Dev. 15.8 12.8 21.2  
  
 
 
 
Discussion 
The amount of cattail litter did impact various abiotic and biotic conditions. While 
there was no significant difference in decomposition rates between litter treatments at either 
site, the decomposition rate for the bottom cattail parts was significantly greater than either 
the top or middle parts at both locations. There were no significant differences for 
temperature or cumulated GDD between any litter treatments at either site. Averaged across 
the entire field season, the values for redox potential, dissolved oxygen, and percent oxygen 
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saturation all had significantly higher values in the low litter treatments than either the high 
or control litter treatments at the mesocosm complex, while there were no significant 
differences among these conditions at Anderson Lake.  
Litter Decomposition 
I hypothesized that when litter increased at a site, there would be a corresponding 
decrease in the rate of litter decomposition. My hypothesis was rejected as no significant 
differences were found in the rate of decomposition between any of the treatments at either 
site. The results from the litter bag study indicated that the bottom part of a cattail shoot is 
the part that underwent the greatest amount of decomposition at the mesocosm complex and 
at Anderson Lake. The main reason for this is the nutritional value of the cattail parts being 
studied. The bottom part of a cattail is more nutritious (i.e. has a lower fiber content) than 
either the top or middle parts. Therefore, the bottom part decomposed at a faster rate than 
either the top or middle parts.  This study indicates similar decompositional processes were 
occurring at both sites. The usefulness of using mesocosms in order to replicate some 
wetland processes, such as decomposition of litter, can be beneficial. However, the percent 
mass remaining for the bottom parts was nearly 20% higher in the mesocosm complex 
compared to Anderson Lake.  
Environmental Measurements 
I hypothesized that when litter increased at a site, there would be a corresponding 
decrease in soil and water temperature, redox potential, dissolved oxygen, and percent 
oxygen saturation. My hypothesis was partially supported. Soil and water temperatures were 
not significantly different among treatments at either site, while dissolved oxygen, percent 
oxygen saturation, and redox potential had significantly higher values in the low treatments 
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than in the high or control treatments at the mesocosm complex, with Anderson Lake having 
no significant differences in these measurements among treatments. 
 There were no significant differences for cumulated growing degree days (GDD) 
between litter treatments or between depths at either site. Reasoning for no significant 
differences may be attributed to outliers in the dataset, as the mean values for cumulated 
GDD and temperature indicate differences among treatments, however not significant 
differences. The low treatments show higher mean temperatures and higher cumulated GDD 
than the high or control treatments at the mesocosm complex. Cumulated GDD is a reflection 
of the temperature data. The temperature data shows minimal differences in warming and 
cooling between the high and control plots at Anderson Lake, but distinct differences when 
comparing the low treatment temperatures to the high or control values. The low treatment 
values undergo much less daily variation. Due to the reduction in litter, the sun is able to 
more readily penetrate the canopy layer and warm the water and soil, allowing for quicker 
warm up and cool down times. The heat which is transferred from the air to the water is also 
transferred to the sediment, which also exhibits minimal day to day temperature extremes. 
Evidence of this is shown in Tables 6 and 7. The plots at Anderson Lake were located on the 
interior of a large cattail stand; therefore, the effect of mixing from wave currents was 
minimal. Water temperature fluctuations (as evidenced by the +10cm depth) were greater 
than the fluctuations near the sediment surface and beneath the sediment surface. This means 
that a decreased emphasis can be placed on highly fluctuating day to day temperatures, but a 
greater emphasis can be placed on the warming and cooling trends.  
The mean temperature ranges and overall temperature means at Anderson Lake were 
not similar to the temperature means at the mesocosm complex. Water levels at the 
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mesocosm complex remained relatively stable throughout the growing season. However, 
water levels at Anderson Lake rose 0.5-0.75 meters over the course of the field season. This 
fluctuation may cause litter treatments to have a decreased effect on temperature. The 
increased water levels acted as a heat sink, meaning that a greater volume of water had to be 
warmed. This increase in water level meant an increase in the amount of time needed to 
warm the water and the sediment. Therefore, any apparent differences between the depths 
and between the treatments were likely compromised due to increase in water level.  
Seybold et al. (2002) found that the temperature in a wetland at a depth of 50cm 
below the sediment surface warmed up and cooled down slower than at a depth of 20cm 
below the sediment surface. They attributed this difference to the soil heat flux. When the 
temperature at the water surface is changing, the deeper depths will continue to warm or cool 
for a period of time (Jury et al. 1991). As the soils at these deeper depths begin to warm or 
cool through heat transfer, a portion of this heat output is absorbed or released along the path 
(Seybold et al. 2002). Cold water can hold more dissolved oxygen than warm water, and if 
the temperature of the water is too high, the water may not have enough dissolved oxygen 
available for some aquatic species (Michaud 1991). 
Redox potential is affected by the amount of litter accumulation, which in turn can 
affect decomposition rates. Redox potential is tied closely to the microbial community 
composition. Depending on the redox state, the microbial community may use different 
metabolic pathways for the decomposition of plant organic matter (Kaiser and Bollag 1992). 
According to Megonigal et al. (1996), the microbial active season occurs in hydric soils with 
soil temperatures greater than 5
o
C at a depth of 50cm in the sediment surface. When 
temperatures fall below 5
o
C, microbial activity is greatly reduced, which causes the wetland 
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to lose its effectiveness as an environmental buffer. Seybold et al. (2002) found that at a 
depth of 50cm, the redox potential was in a reduced state (<-150 mV; methanogenic or 
sulfate reducing) for nearly their entire study period.  
Averaged across the entire field season, spot readings of redox potential at the 
mesocosm complex were significantly higher in the low litter treatments compared to the 
high and control treatments, while there were no significant differences between litter 
treatments at Anderson Lake. While some significant differences did exist in the values, the 
biological differences between these values is likely minimal. The plots at Anderson Lake are 
connected hydrologically. In contrast, at the mesocosm complex, each mesocosm is 
hydrologically separated and therefore is acting independently and likely acting as a better 
gauge as to the impact of litter treatments on redox potential and other abiotic conditions.  
The amount and type of aquatic vegetation present, and whether it is alive or dead, 
can directly alter the amount of dissolved oxygen present in the water column by lowering 
the amount of gas exchange at the water surface and by respiration in the roots. Vegetation 
may indirectly affect dissolved oxygen by blocking sunlight penetration for photosynthesis, 
by providing a means of attachment for periphytic algae, and by providing a source of carbon 
and substratum for respiration by microbes (Rose and Crumpton 1996). Rose and Crumpton 
(1996) found that sites at Anderson Lake that were dominated by cattail had very low 
concentrations of oxygen and were almost continuously anoxic. When they compared cattail-
dominated stands to sites on the edge of cattail stands, the edge sites had higher dissolved 
oxygen concentrations with clear increases in DO during the day on about half of the days. 
Their open water study site had consistently higher DO readings with fluctuations during the 
day of up to 10 mg/L.  
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Averaged over the entire field season, the dissolved oxygen and percent oxygen 
saturation readings at Anderson Lake did not yield any significant differences; however, the 
low treatments at the mesocosm complex had significantly higher dissolved oxygen and 
percent oxygen saturation than both the high and control treatments. Being that the plots at 
Anderson Lake are hydrologically connected, the effect from mixing within the water 
column is applied to all plots. This can “mask” any effect that the litter treatments would 
have on dissolved oxygen and percent oxygen saturation. At the mesocosm complex, where 
plots are hydrologically separated, the low treatments had consistently higher dissolved 
oxygen and percent oxygen saturation values. Also, dissolved oxygen and percent oxygen 
saturation readings could be affected based on the microbial communities present, as 
microbes are the primary users of oxygen in the water column. Low litter treatments 
produced a significantly higher number of shoots at both sites, which means there were likely 
higher rates of photosynthesis, and thus increased oxygen production.  
Sources of error in this study could be attributed to how the litter bags were 
processed, as not all of the inert material and non-litter components might have been washed 
off prior to drying. Variability in spot readings of dissolved oxygen, percent saturation, and 
redox potential may have led to similarities or differences that were not an accurate 
representation of the abiotic conditions present. One way to improve dissolved oxygen, 
percent saturation, and redox readings would be to set up continuous monitors. Spot readings 
can be variable and are affected simply by the act of walking to a plot in a wetland (as was 
the case at Anderson Lake) or by disturbing the sediment surface. By having stationary 
monitors in place, a better representation of how these variables are being affected by the 
litter treatments can be better determined. It would also allow the researcher to view how 
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dissolved oxygen, percent saturation, and redox potential are impacted by stochastic weather 
events, such as a large rainfall or extended drought. Future experiments could expand this 
research by performing a long term study that identifies how litter treatments alter 
decomposition rates (and decomposition of different cattail parts) after 1 year, 3 years, 5 
years, etc. From a wetland restoration perspective it might be beneficial to experiment with 
timing the seeding of native wetland plants within the established litter treatments. Perhaps 
winter or early spring seeding on a low treatment would yield the best results in terms of 
native species diversity and abundance. Also, measuring how the convective gas flow within 
each plot is altered by the different litter treatments could provide further insight into how 
oxygen and nitrogen are transported within the cattail shoot.  
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CHAPTER 3  
LITTER TREATMENT EFFECTS ON BIOTIC FACTORS AT A MESOCOSM 
COMPLEX AND A PRAIRIE POTHOLE WETLAND 
 
Introduction 
Hybrid cattail (Typha x glauca), one of the most invasive and dominant plants in the 
prairie pothole region, can reduce the diversity of other wetland species because of its ability 
to form dense stands of living and dead biomass (Vaccaro et al. 2009). Since the growth of 
emergent wetland plants is largely a reflection of the growing conditions during the previous 
year, the impacts the environment during the year prior drives the abundance and diversity of 
vegetation observed during a growing season (Larkin et al. 2012, Farrer and Goldberg 2009).  
When high amounts of cattail litter accumulate, it can prevent the growth of other 
species, decreasing species diversity (Xiong and Nilsson 1999, Vaccaro et al. 2009). Due to 
the high production of hybrid cattail and its slow litter decomposition (Davis and van der 
Valk 1978), the accumulation of its litter could make it easier for hybrid cattails to dominate 
wetlands that it has invaded. Vaccaro et al. (2009) stated “Increasing the cover of fallen 
cattail litter, without altering the density of live cattails, reduced species diversity. In plots 
where all litter was removed, juvenile plants of many species were observed, more seedlings 
survived, and species density increased.” The amount of litter present on a site can affect the 
diversity and production of the plants that grow there. Additionally, litter can inhibit growth 
of new species by its ability to physically prevent the establishment and growth of other 
species. Larger amounts of litter could reduce air and soil temperatures,  increase the risk of 
obtaining a fungal disease, increase the chance of herbivory on seeds and seedlings, lower 
light penetration through the canopy, decrease the opportunity of seeds to reach the soil, and 
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chemically inhibit germination of native species by altering soil chemistry (increased NH4
+
) 
(Vaccaro et al. 2009). Cattails also have the ability to promote their own growth due to the 
persistence of their own litter. As litter accumulates, it will protect the live culms from water 
level fluctuations and physical breakdown. When water levels are stable, a positive feedback 
can be created that enables litter to continue to persist, adding to litter accumulation, which 
limits or prevents growth of other species, further increasing cattail abundance (Vaccaro et 
al. 2009). 
Larkin et al. (2012) hypothesized that hybrid cattails could promote dominance 
through two pathways due to having high rates of production, dense growth, and high amount 
of litter production. The first pathway is when litter changes the conditions present within the 
habitat (such as decreased light penetration, temperature of the soil, and availability of 
space). The second pathway is when living plants change the conditions of the habitat and/or 
outcompete other species for the same resources, such as nutrients, space, and light. They 
stated that the importance of these pathways shouldn’t be overlooked, since determining 
which pathway a hybrid cattail invasion may follow can and does have a large effect on how 
to respond using various management practices.  
Litter accumulation can affect many wetland functions, including primary production, 
organic matter accumulation, nutrient availability and cycling, seed germination, and plant 
and animal biodiversity (Gingerich and Anderson 2011).  If enough litter accumulates, a 
specialized community can develop within the litter area.  For example, an increase in litter 
creates suitable habitat for species, such as voles, mice, and frogs. Litter can also supply 
nesting material for certain waterfowl species. When cattails are found in large, 
monodominant expanses, this sub-community can develop different food webs than in the 
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rest of the wetland. This is due to changes in biotic conditions, including lower light levels, 
less dissolved oxygen in the water column, and lower water temperatures (Rose and 
Crumpton 1996).  Dense stands of litter can slow water currents through a wetland. Because 
of this decreased water velocity, suspended sediments and nutrients settle to the bottom of 
the wetland rather than continue on to the next connected water body (Atkinson and Cairns 
Jr. 2001).  
Hybrid cattail litter has strong effects on plant community dynamics (Facelli and 
Pickett 1991), as well as strongly influencing wetland ecosystem function and assembly 
(Weiher and Keddy 1995). Litter has also been shown to slow seed germination, decrease 
overall plant diversity, and decrease how well parent species reproduce (Haslam 1971; van 
der Valk 1986; van der Putten et al. 1997; Weltzin 2005). Litter accumulation rates are 
strongly tied to disturbances (Knapp and Seastedt 1986), such as fires or fluctuating water 
levels. These disturbances can impact the area conducive to plant growth, primary 
production, and litter decomposition rates (van der Valk and Davis 1978; van der Valk 1986; 
van der Valk et al. 1991). If a disturbance doesn’t occur regularly, static conditions can 
persist, which may lead to steady growth of emergent plants within stable water 
environments, which in turn may lead to large litter accumulations (Christensen 2007). 
Due to the fact that the amount of litter present in a wetland has such a profound 
effect on wetlands, I evaluated how the addition and removal of litter effects selected biotic 
factors.  I hypothesized that when litter increases on a site, the number of cattail shoots and 
cattail heights will decrease. I used an experimental approach that utilized both a mesocosm 
complex, in which water levels are controlled, and a native prairie pothole wetland.  In both 
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studies, litter level treatments were created: a low treatment by the removal of cattail litter, a 
high treatment by the addition of cattail litter, plus a control in which litter was undisturbed.  
 
 
Methods 
Mesocosms  
The mesocosms were located on an Iowa State University farm, the Hinds Farm, near 
Ames, Iowa, USA.  At this farm there is a mesocosm complex that was established in 1989 
for a study on nitrate removal by wetlands. The mesocosm complex is now comprised of 12 
mesocosms arranged in four blocks of three mesocosms (Figure 18 and Figure 19). These 
mesocosms are 3.35 meters in diameter, 0.91 meters deep, ultraviolet-stabilized polyethylene 
containment units that are buried part way in the ground to minimize temperature 
fluctuations. At establishment, they were filled with wetland soil from a nearby restored 
prairie pothole and planted with hybrid cattail (Crumpton and van der Valk 1993). 
Experiments ceased on these mesocosms in the late 1990s-early 2000s. Beginning in 2013, 
litter treatments were applied to 12 mesocosms. At this site, there are three litter treatments 
(control, low (standing litter removed), and high (standing litter added)) with four replicates 
of each treatment. Mesocosms in which litter was not manipulated were used as the controls. 
The low treatment involved the removal of all standing litter in early spring. The litter that 
was removed was placed onto the corresponding high treatment (i.e., the litter removed from 
the low treatment was placed in the high treatment in a block). Water levels in the 
mesocosms were kept constant by supplying them with groundwater, as needed, by using a 
network of pipes that are gravity fed from a storage tank. 
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Figure 18. Aerial image of Mesocosm Complex (Google Earth (b)). 
 
 
Figure 19. Mesocosm Complex. 
 
N 
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Field Site  
Anderson (Goose) Lake marsh is located one mile northeast of Jewell, Iowa, USA 
(Figure 20 and 21). This marsh is an enhanced prairie pothole. It has a maximum depth of 1.5 
m and has a surface area of approximately 65 ha. It is a semi-permanent wetland that has its 
water level regulated by a dam on the southwestern end (Rose and Crumpton 1996). 
Emergent vegetation consisting primarily of cattails is present around the perimeter of the 
wetland. The width of these perimeter cattail bands can reach >30 m. At this site, twelve 2m 
x 3m plots were set up in blocks of three plots.  As in the mesocosm complex, in each 
replicate block, the standing litter from one plot was removed (low treatment) and put on 
another plot (high treatment), with the third plot in each block being used as a control 
without any litter manipulation. The litter at both sites was moved in early April 2015.  
Shoot Density and Height 
Cattail shoots were counted at approximately two week intervals at each location 
during the growing season. To do this, a 1 m x 1 m PVC quadrat was placed in the center of 
each plot, and the number of shoots that grew within the quadrat was recorded. The heights 
of 10 randomly selected cattail shoots within the quadrat were also measured. This was done 
using a PVC pole that had measurements marked every 10cm on it. For each height 
measurement, the PVC pole was pushed into the sediment until there was resistance, and then 
the tallest leaf of the cattail plant being measured was recorded. In September 2015 all 
seedheads that were present within the 1 m x 1 m PVC quadrat were counted in each plot at 
each site. 
 
 
N 
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Figure 20. Aerial image of Anderson Lake (Google Earth (a)). Study plot location indicated 
by white oval. 
 
 
 
 
 
 
 
 
Figure 21. Anderson Lake, looking southwest from the northeast. 
N 
58 
 
Data Analysis 
Seedhead counts, cattail heights, and the number of cattail shoots were analyzed using 
a Kruskal-Wallis test in Microsoft Excel. A p-value of less than or equal to 0.05 was 
considered significant. Sites were analyzed separately because they were spatially separated 
and are comprised of different regulatory systems. 
 
 
 
Results 
 Shoot Density 
At the mesocosm complex, the number of shoots in the low treatment was 
significantly different from both the high and control at each date (Table 14). Averaged over 
the entire growing season, there were significant differences between the high and control 
treatments (difference of 7 cattail shoots) (p=4.6E-4), high and low treatments (difference of 
34.5 cattail shoots) (p=5.8E-12), and control and low treatments (difference of 27.5 cattail 
shoots)  (p=6.1E-12). These results were similar to the previous year (2014) where the 
overall average number of shoots for the high treatment was 33 (SD=4.31), for low treatment 
it was 44 (SD=6.53), and for the control it was 48 (SD=13.6). The high and control 
treatments (difference of 10.9 cattail shoots) (p=7.9E-5) and the high and low treatments 
(difference of 14.5 cattail shoots) (p=5.0E-5) were significantly different, but the low and 
control treatments (difference of 3.6 cattail shoots) were not significantly different (Table 
15). 
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Table 14. Mean number of cattail shoots per m
2
 by date and treatment at mesocosm complex 
during the 2015 growing season. H, L, and C represent the high, low, and control 
treatments, respectively.* 
    
   Date High Control Low  
    
 6/1  23.0
a
 28.5
a
 62.5
b
  
 6/8 33.6
a
 35.8
a
 61.8
b
  
 6/27 28.6
a
 36.8
a
 62.8
b
  
 7/7 30.5
a
 35.8
a
 62.5
b
  
 7/22 29.3
a
 35.8
a
 63.3
b
  
 8/6  27.8
a
 37.3
b
 63.8
c
  
 8/19 28.0
a
 35.3
a
 63.0
b
  
 9/5 23.8
a
 36.5
a
 61.3
b
  
 Mean 28.0
a
 35.0
b
 62.5
c
   
St. Dev. 3.3 2.7 0.8 
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
At Anderson Lake, there were no significant differences in the number of shoots 
between the high, control, or low treatments at any given date (Table 16). Averaged over the 
entire growing season there was a significant difference between the high and low treatments 
(difference of 6.5 cattail shoots) (p=0.01), but no significant difference between the high and 
control or low and control treatments.  
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Table 15. Mean number of cattail shoots per m
2
 by date and treatment at mesocosm complex 
during the 2014 growing season. H, L, and C represent the high, low, and control 
treatments, respectively.* 
    
   Date High Control Low  
    
 5/30  30.9
a
 46.8
b
 36.3
ab
  
 6/3 31.5
a
 46.9
b
 38.4
ab
  
 6/6 31.6
a
 47.0
b
 40.8
ab
  
 6/11 31.8
a
 46.5
b
 42.4
ab
  
 6/13 31.8
a
 46.5
b
 42.4
ab
  
 6/18  31.8
a
 46.5
b
 42.4
ac
  
 6/25 31.8
a
 46.5
b
 43.1
ab
  
 7/2 40.8
a
 44.8
ac
 55.8
b 
 7/16 34.0
a
 39.0
ac
 54.8
b
  
 7/30 35.0
a
 39.0
ac
 58.3
b
  
 8/13 34.8
a
 39.0
ac
 59.0
b
  
 8/27 32.5
a
 40.5
ac
 58.8
b
  
 Mean 33.2
a
 44.1
b
 47.7
b
   
St. Dev. 2.7 3.6 8.8 
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
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Table 16. Mean number of cattail shoots per m
2
 by date and treatment at Anderson Lake. H, L, and C 
represent the high, low, and control treatments, respectively.* 
    
   Date High Control Low  
    
 6/2 54.8 62.3 62.5  
 6/17 61.8 64.3 66.5  
 7/1 58.8 62.3 64.3  
 7/19 57.3 63.5 62.5  
 8/12 55.0 59.3 63.0  
 8/29 54.8 60.8 62.8  
 9/13 54.0 54.3 60.5  
 Mean 56.5
a
 61.0
ab
 63.0
b
   
St. Dev. 2.8 3.4 1.8 
  
*Values in the same row followed by the same letter were not significantly different 
(p>0.05). No letters are shown where there were no significant differences. 
 
Shoot Height 
For the mesocosm complex, the average cattail shoot height for each treatment at a 
given date can be seen in Table 17. Significant differences existed throughout June, with the 
low treatments having a greater mean height.  
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Table 17. Mean heights (m) of cattail shoots per m
2
 by date and treatment at mesocosm 
complex during the 2015 growing season. H, L, and C represent the high, low, and 
control treatments, respectively.* 
    
   Date High Control Low  
    
 6/1  0.79
a
 1.01
b
 1.25
c
  
 6/8 1.33
a
 1.43
b
 1.59
b
  
 6/27 1.68
a
 1.80
ab
 1.88
b
  
 7/7 2.14 2.12 2.09  
 7/22 2.37
a
 2.38
a
 2.17
b
  
 8/6  2.45
a
 2.44
a
 2.24
b
  
 8/19 2.43 2.33 2.30  
 9/5 2.46 2.41 2.43 
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
For Anderson Lake, the average cattail shoot height for each treatment at a given date 
can be seen in Table 18. There were no significant differences in the early part of the 
growing season, but significant differences did exist between the high and control treatments 
and high and low treatments towards the end of the growing season. 
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Table 18. Mean heights (m) of cattail shoots per m
2
 by date and treatment at Anderson Lake. 
H, L, and C represent the high, low, and control treatments, respectively.* 
    
   Date High Control Low  
    
 6/2 1.76 1.71 1.81  
 6/17 2.24 2.23 2.26  
 7/1 2.66
a
 2.51
b
 2.48
b
  
 7/19 2.75
a
 2.63
b
 2.70
ab
  
 8/12 2.78
a
 2.64
b
 2.68
ab
  
 8/29 2.73
a
 2.81
ab
 2.85
b
 
 9/13 2.80 2.82 2.82 
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
Height data for the Mesocosm Complex was also recorded during the 2014 growing 
season (Table 19). The only timeframe that contained significant differences was throughout 
the month of June, when the control treatments were significantly lower than either the high 
or control treatments.  
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Table 19. Mean heights (m) of cattail shoots per m
2
 by date and treatment at mesocosm 
complex during 2014 growing season. H, L, and C represent the high, low, and 
control treatments, respectively.* 
    
   Date High Control Low  
    
 5/16 0.32 0.40 0.34 
 5/19 0.35 0.37 0.45 
 5/21 0.38 0.46 0.49 
 5/23 0.52 0.54 0.59 
 5/30  0.64 0.67 0.71  
 6/3 0.82 0.80 0.89  
 6/6 1.03
b
 0.93
a
 1.13
b
  
 6/11 1.42
b
 1.18
a
 1.45
b
  
 6/13 1.50
b
 1.31
a
 1.53
b
  
 6/18  1.72
b
 1.43
a
 1.71
b
  
 6/25 1.86
b
 1.68
a
 1.78
b
  
 7/2 1.87
b
 1.69
a
 1.85
b 
 7/16 2.00 1.96 2.03  
 7/30 2.10 2.09 2.07  
 8/13 2.11 2.12 2.11  
 8/27 2.11 2.15 2.13  
  
*Values in the same row followed by the same letter were not significantly 
different (p>0.05). No letters are shown where there were no significant 
differences. 
 
For Anderson Lake, the average number of seedheads per m2 was 2.25 in the high 
treatment, 4.75 in the low treatment, and 1.75 in the control treatment, with no significance 
between treatments (p=0.237). For the mesocosm complex, the average number of seedheads 
was 1.50 in the high treatment, 13.25 in the low treatment, and 2.00 in the control treatment, 
with no significance between treatments (p=0.052). 
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Discussion 
 
Shoot Density 
I hypothesized that the number of cattail shoots would decrease with increasing litter. 
My hypothesis was supported, with the number of shoots in the low treatments at the 
mesocosm complex being significantly higher than either the low or the control treatments; 
however, Anderson Lake provided inconclusive results. The treatments at the mesocosm 
complex have been applied annually beginning in 2013. The treatments at Anderson Lake 
were applied in early spring of 2015. Because the mesocosm complex has had these 
treatments applied for a longer period, it was expected that the plots there would exhibit more 
discernable differences than at Anderson Lake. Additionally, the cattail shoots that were 
measured and counted in 2015 were largely the product of the previous years’ growing 
conditions. Therefore, the litter treatments that were applied in spring of 2015 will likely 
have more effect on the cattail shoots present in the spring of 2016. The values at Anderson 
Lake are suggestive of the trend that was clearly evident at the mesocosm complex. These 
results were expected due to the fact that low treatments allow for greater sunlight 
penetration, which aids in warming of the water and sediment (Weltzin et al. 2005). Also, 
there was no obstruction that shoots growing in the low treatment had to grow through, 
compared to the control and high treatments where litter was present and could have 
inhibited cattail shoot emergence. Had the plots still been established at Anderson Lake in 
summer of 2016, we would hypothesize that they would begin to show a similar trait in terms 
of shoot abundance as was found at the mesocosm complex.  
Shoot Height 
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I hypothesized that cattail shoot heights would decrease with increasing litter. My 
hypothesis was supported, as the mesocosm complex had clear trends in cattail height, 
displaying significant differences between litter treatments, especially early in the growing 
season. While significant differences were present at Anderson Lake, the growth habits of 
cattails (as previously discussed) should be taken into consideration when evaluating the 
validity of these differences. At the mesocosm complex, by June 1
 
there were already 
significant differences between each treatment type, with the low treatment producing the 
tallest shoots on average and the high treatment producing the shortest. This trend continued 
until mid-July when the average height of the high treatments overtook the height of the 
control and low treatment, before numbers began to stabilize again near the end of the 
growing season. The reasoning for higher initial growth in the low treatment can be 
attributed to having unobstructed room for primary growth, while the high and control 
treatment plots had litter that kept temperatures cool longer and made it more challenging for 
new cattail shoots to penetrate through. However, as the growing season progressed, the high 
treatment mean surpassed both the control and low treatment means. This is likely due to 
etiolation. The decreased light in the control and high plots meant that the shoots initially 
were growing in low light under the litter layers. Once these shoots reached the top of the 
litter layer, they were able to grow quickly, catching and surpassing the mean height of the 
low litter treatment.  
The low litter treatment plots allowed for greater light penetration which warmed the 
water and sediment faster than the high or control treatments. The higher temperatures in the 
low treatments enabled cattail shoots to start growing sooner. By mid-summer the 
temperatures within each plot was no longer different.  
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Mean cattail heights were greater for each treatment type at Anderson Lake than at 
the mesocosm complex. This can be attributed to the differences in growing conditions (such 
as etiolation), especially water depths. The cattails at the mesocosm complex were growing 
in very shallow water while those at Anderson Lake were growing in much deeper water. 
Anderson Lake is also located in a watershed that is dominated by agricultural production 
and has nutrient-rich runoff, whereas the mesocosm complex is gravity fed by a series of 
pipes from a storage tank that is filled by a pump supplied with groundwater. These two 
different water sources could contain different amounts of nutrients that could also affect the 
rate of growth as well as overall cattail production, which may be reflected in the seedhead 
count data.  
Past studies by van der Valk and Davis 1978, van der Valk 1986, Bohlen 1991, van 
der Putten et al. 1997, Meyerson et al. 2000, and Weltzin et al. 2005 have shown that litter 
can both directly or indirectly impact wetland vegetation by influencing seed germination 
and primary production. Farrer and Goldberg (2009) found that cattail litter had a significant 
effect on Typha max height, native vegetation max height, species diversity, stem diversity, 
light, N mineralization, and NH4
+
. Their litter plots reduced total culm density by 75% 
compared to the no-litter plots. Litter did not have a significant effect on the density of other 
Typha culms, with no-litter treatments averaging 23.8 +/- 3.1 and litter treatments averaging 
26.8 +/- 1.2 culms. Those results contradict the results from this study, in which both the 
mesocosm complex and Anderson Lake indicated a significant difference in shoot density 
between the high and low treatments.  
Farrer and Goldberg (2014) found that when Typha litter was added (high treatment), 
it had no effect on the density of Typha x glauca, but limited the density in removal (low) 
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treatments and produced taller plants when litter was added. Their results indicated that 
cattails growing in the plots that contained added litter were significantly taller than either the 
control or low treatments at both sites during the middle of the field season.  
Litter accumulation is greater in the interior of a cattail stand compared to the edge of 
the same stand that is closer to open, deeper water (Christensen 2007). Phragmites stands 
that were closer to the deeper, open water areas of a marsh had less litter accumulation than 
stands that were located in the shallow interior portions of the marsh (Clevering 1998). The 
reasoning for these different accumulation rates can be attributed to the fact that litter closer 
to the open water edge of a stand is more susceptible to physical breakdown by wave action, 
which also increases aeration (Clevering 1998). In a study performed by Christensen (2007), 
he concluded that it can take 2-3 years of litter accumulation in order to reach steady amounts 
of litter levels. This means that the litter treatments that were applied at Anderson Lake for 
this study have not had sufficient time to establish and reach an appropriate equilibrium. The 
rate of litter accumulation and amount of time to reach equilibrium relies strongly on the rate 
at which existing litter breakdown. If breakdown rates are slow, there will be a corresponding 
increase in litter accumulation.  
Potential sources of error in this study include variation in sampling times of the two 
sites, variation in the cattail height measuring method, and potential for counting the same 
shoot more than once. This study could be improved by marking cattail shoots so that the 
same cattails are being measured each time. Increasing the number of visits to record shoots 
and heights would also lead to a clearer indication of how much of an advantage cattails 
growing in the low treatments have over the high and control treatments. Future research 
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could look at the impact of water quality on seedhead production, shoot production, and 
growth.  
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CHAPTER 4 
GENERAL DISCUSSION AND CONCLUSIONS 
 
The prevalence of invasive species in wetlands is an ongoing concern for natural 
resource managers. With the ability of hybrid cattail to form monodominant stands in 
wetlands, there is an increased emphasis placed on the preservation and conservation of 
native wetland vegetation. This study showed the importance that cattail litter can have in the 
biological processes that occur within a wetland system. By studying the impacts of high and 
low litter treatments, it was found that areas containing higher amounts of litter have 
decreased shoot density while increasing shoot height.  
Higher amounts of cattail litter does not have a significant impact on litter 
decomposition in the short term. The bottom part of a cattail shoot decomposed more rapidly 
than either the middle or the top parts. This is due to the bottom parts having a greater 
nutritional value, i.e. less fiber, than the middle and top of the leaves. 
Abiotic measurements indicated that low litter treatments provide a better 
environment for cattail growth early in the spring as water and sediment temperatures 
increase more rapidly than in high or control treatments. Low treatments also can have 
greater amounts of dissolved oxygen, preventing the underwater environment from becoming 
anoxic.  
Variables such as water chemistry, nutrient inputs, and water depth can all influence 
the primary production at a site. The amount of primary production, however, is directly tied 
to litter accumulation, which can affect water temperature, sediment temperature, rate of 
decomposition, and light levels (Figure 1).  
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How much litter accumulates depends on the rate of decomposition of the litter and 
the amount of annual production. This research provides greater insight into how certain 
abiotic and biotic conditions are affected by high and low litter levels. Understanding how 
high litter treatments and low litter treatments alter wetland processes can have large 
implications on the functions and characteristics of wetlands.  
 
 
 
 
 
